The lack of a long term, comprehensive and reliable fisheries statistics system is a major impediment to fisheries management in Brazil. Fishing is one of the main activities throughout the country's coast, with predominance of small-scale, artisanal, multigear, and multispecies captures that are landed in a pulverized network of coastal villages. Brazil is also a hotspot of common names, another feature that challenges artisanal fisheries' monitoring. We combined taxonomic and ethnobiological information to support the implementation of an artisanal fisheries' monitoring program under the co-management framework of a Marine Extractive Reserve in Bahia State, Northeastern Brazil. We surveyed 141 fishing landings, recording 86 fish species (43 families) and 52 correspondences 1:1 between local and scientific names. Broad folk categories had an average of 5.1 specific names, with "cação" (shark) being the category with more specific names (24 names to six biological species). With the exception of species that make up the bycatch captured by shrimp trawling, fisherfolks are able to identify commercially important species from both fresh specimens and photos. Common names can be reliably used in fisheries monitoring programs, and their usage facilitates the participation of fisherfolks in surveys based on voluntary or compulsory declarations of captures.
Introduction
Fishing is one of the main activities in rivers, reservoirs, and throughout the Brazilian coast, involving more than two million people (Diegues, 2002) . Small-scale artisanal fisheries with both commercial and subsistence components are widespread, operating in a pulverized network of landing sites, with multiple gears and targeting a broad array of target species -a combination of factors that challenges its assessment and monitoring (Vasconcellos et al., 2007) . As a consequence, public policies and subsidies are biased towards the betterreported industrial sector (Abdallah & Sumaila, 2007) , and even the general state of the stocks targeted by artisanal fisheries is still poorly known (Okada et al., 2005; Ruffino, 2008) . Remarkably though, the total yields from the artisanal sector are higher than those of industrial fisheries, especially in the Northeastern coast (Paiva, 1997; IBAMA, 2010; Begossi, 2010) .
Artisanal fisheries are associated with specific coastal territories held under a wide range of tenure arrangements (Cordell, 2007) , some of which eventually becoming as Extractive Reserves for initiative of traditional populations. Besides particular modes of labour division across households and communities (e.g., Diegues, 1983 Diegues, , 2004 , traditional fisheries comprise a relatively high level of fisherfolks' knowledge about the environment and the target species, which is transmitted over generations (Posey, 1987; Silvano & Valbo-Jørgensen, 2008; Begossi et al., 2011) .The identification of resources by names is one of the first steps in the construction and consolidation of Local Ecological Knowledge (LEK) (Wilson et al., 2006) , and a major constituent of traditional fishing territories (Farias Júnior, 2010; Vianna Júnior, 2010; Teixeira et al., 2013) .
Marine species targeted by fisheries receive different local names along the extensive, diverse and culturally heterogeneous Brazilian coastline. The national average is six common names for each biological species, but there are fish species with over 30 common names, besides higherlevel taxonomic groups that include different families, genera and species that are referred to by a single common name (Freire & Pauly, 2005) , such as in the case of rays ("raia" or "arraia" in Brazilian Portuguese). This variety of common names has resulted in low resolution assessments, as catch statistics are generally recorded only with common names, challenging stock assessments (Vasconcellos et al., 2007) and the reconstruction of time series for several target species (Freire & Oliveira, 2007) . Assessments of species sold as a single category, such as "red snapper" (e.g., Marko et al., 2004) , as well as of transboundary fish stocks (e.g., Collette et al., 2011) , are also hampered by the variety of regional names.
In a study about fish folk taxonomy in the Atlantic forest and the Amazon, Begossi et al., (2008) found a great correspondence between the classification made by fisherfolks and the scientific names, but such matches may be much more variable along the coast (Freire & Pauly, 2005) . Therefore, in the scope of a larger initiative aiming at the implementation of a fisheries co-management regime in the Marine Extractive Reserve of Corumbau (MERC) (see Moura et al., , 2009 Alves et al., 2012) , we developed and tested a protocol to match common and scientific names of fish species exploited by artisanal fisheries, combining taxonomic and ethnobiological information.
The study was carried out in Cumuruxatiba, the largest fishing village in the MERC, from where capture-related (e.g., Capture Per Unit Effort -CPUE) and biological information have been reported only under common names since 2001 (Alves et al., 2012) . Given the importance of artisanal fisheries in Brazil, the "ethnotaxonomy impediment" for fisheries monitoring must be disentangled with such small scale assessments, which can also contribute to the consolidation of traditional fishing territories along the coast and in the major rivers, as common names are primary components of LEK and may be highly specific to circumscribed sections of the coast (Freire & Pauly, 2005) .
Material and Methods
The Marine Extractive Reserve of Corumbau (MERC) is located in the southern coast of Bahia State, Northeastern Brazil, occupying ca. 900 km 2 (Fig. 1) . In the late 1990's local fisherfolks, led by villagers from Corumbau and other six neighboring localities with strong Indigenous inheritance (Caraíva, Aldeia Barra Velha, Aldeia Bugigão, Veleiro, Cumuruxatiba, and Imbassuaba), claimed the establishment of an Extractive Reserve. Their main objectives included the exclusion of fishing fleets from other municipalities, improvements of life quality and protection of local culture (Moura et al., 2009) . MERC is located in the northern extreme of the so-called Abrolhos Bank, a region that encompasses Brazil's first network of Marine Protected Areas (MPA). Although there are several conflicts between local fisherfolks and MPAs in the Abrolhos Bank, fisherfolks from MERC have always had very limited interaction with the no-take MPAs. A more complete analysis of the MPA system and its conflicts is provided by Moura et al. (2013) . Our study was conducted in Cumuruxatiba, Prado municipality, the largest MERC village, with an economy based on fishing (35 canoes and 25 motor boats) and tourism Di Ciommo, 2007) . Most traditional fisherfolks from Cumuruxatiba are descendants of Pataxós Indigenous People (the major Pataxós' settlement, Aldeia Barra Velha, is one of the other six coastal villages of the MERC). Cumuruxatiba has one association devoted to communitarian issues, including fisheries, and there is a representative fishing community with 164 families, 45% of them also involved with tourism (informal employees of hotels and restaurants, housekeepers, trade of food and handicrafts, boat pilots) (Moura et al., , 2009 Di Ciommo, 2007) . Cumuruxatiba fisherfolks use hook-and-line, longline, gillnets and spears over reefs, sand, and muddy bottom , and remain at sea 3-13 days/month and catch 23-186 kg of fish/month (Alves et al., 2012) . The total MERC production for 2006 was estimated at 315-349 t, corresponding to 1% of the fish production in Bahia State in that year (Alves et al., 2012) The protocol for matching common and scientific names consisted in a qualitative sampling of 141 landings, followed by interviews with all boat captains and local experts (n = 6). Local experts are individuals that were recurrently pointed out as such during 30 initial interviews with randomly selected fisherfolks. Local experts were interviewed about the common names for each of the most frequent names recorded in the fisheries monitoring database. Sampling was carried out intensively for two weeks in 2009, during which most landings were inspected, one week during the summer (February 28 -March 7, 2009 ) and another during the winter (July 15-22).
At least one specimen of each landed species was collected and had its common name recorded. Specimens were photographed soon after collection, preserved in 10% formalin and further transferred to 70% ethanol for identification under stereomicroscope with use of the artificial keys provided by Figueiredo (1977) , Figueiredo & Menezes (1978 , , 1985 , Moura & Lindeman (2007) and Marceniuk & Menezes (2007) . Vouchers are deposited at the Museu de Zoologia, Universidade de São Paulo (MZUSP) ( Table 1) . Boat name, fishing spot, gear, and total capture (kg) were also recorded, and a collector's curve was used to assess sampling sufficiency (Krebs, 1989) . Richness of common names was further evaluated by counting up synonyms (number of species by common name) and homonyms (number of species associated with each common name) (Minelli, 1999) .
In order to assess potential biases arising from the use of photographic catalogs, after six months we re-interviewed 14 of fisherfolks who were interviewed during the summer. In this second interview we showed one to twenty-eight photographs and asked for the common names (number of images was proportional to the amount of fish each fisherfolk captured during the summer).
Results
The summer survey (92 landings) yielded 67 fish species, while the winter survey (49 fishing landings) yielded 52 fish species, totaling 86 species belonging to 43 families and 12 orders. Twenty species represent new records for the MERC (Table 1 ). The most species and families were Sciaenidae (15 species), Haemulidae (9), and Carangidae (5) (Fig. 2) . The collector's curve began to stabilize after 67 species were sampled in the summer (94 landings), but it also reveals that more sampling in the winter could have yielded more species (Fig. 3) .
We recorded 102 common names and 52 correspondences (1:1) between scientific and common names (Table 1 ). Species with the largest variety of common names were caught with trawls (Fig. 4 ). There were more landings and higher species richness in captures with trawl and hook-and-line, in both seasons (Fig. 5) .
Most fish species (67, or 77%) received a single common name, and most common names (74, or 80%) corresponded to only one species , with a total of 102 common names and an average of 1.5 common names per species ( Table  1 ). Species that received the largest number of common names were Ctenosciaena gracilicirrhus (5 common names), Harengula clupeola (4), Paralonchurus brasiliensis (4) and Bagre marinus (4). Common names with more correspondences to scientific names were "peixe-cascudo" (4 species), "maramassá" (4), and "peixe-branco" (4).
In the interviews with the six local experts, the mean number of specific common names for each generic common name was 5.21. Generic names with more specific names were "cação" (24), "bagre" (11), "raia" (10), "lagosta" (10), and "pescada" (10), while six generic common names ("carapeba", "garoupa", "grassari", "guaiúba", "salema", and "sauara") had only one name (Table 2) .
A total of 89 photos were shown to the fisherfolks that were re-interviewed. Seventy-four percent of the identifications from photographs matched the initial assignments made six months earlier. Mismatches are mostly fishes captured as bycatch of shrimp trawling (e.g., cangatã and bagre-branco; zoiuda and sardinha; miriquita and sardinha) (Fig. 7) .
Discussion
Fishing represents the most important extractive activity in Brazil, with the larger fraction of the National yields coming from the artisanal sector (Vasconcellos et al., 2007; Paiva, 1997; Begossi, 2010) . Despite the engagement of more than two million people, legal frameworks and public policies for artisanal fisheries remain weak, resulting in an ever-increasing marginalization of traditional communities, as well as in a steady loss of culturally based Local Ecological Knowledge .
In order to overcome the "ethnotaxonomy impediment" for fisheries monitoring of artisanal fisheries in Brazil, we propose that instead of following the Western trend of standardizing common names (e.g., Nelson et al., 2004) , the Brazilian hotspot of common names is comprehensively recorded and understood, and further incorporated in biological surveys and long term monitoring. Such approach would not only improve local participation, but will also help consolidate traditional fishing territories threatened by steadily increasing pressure from industrial fisheries and other sectors. Identification of natural resources by local common names is an important constructive basis of LEK, and a major constituent of traditional fishing territories (Farias Júnior, 2010; Vianna Júnior, 2010) .
Our study contributed to characterize the landings and fish ethnospecies' richness in a traditional fishing village in eastern tropical Brazil, but we acknowledge that some of our common name records seem to be generic (i.e., they either refer to rare or poorly-known fishes, or to groups of similar species), and thus might not correspond to ethnospecies (e.g., "peixe-branco"). Although a comprehensive ethnoclassification of the fisheries resources (e.g., Oliveira et al., 2012) was outside the scope of our work, we clearly demonstrate that local names can be reliably used in fisheries monitoring programs, corraborating Begossi et al. (2008) statements and pointing towards a broader application of common names to record fisheries yields, following adequate ethnoichthyology surveys.
We were able to identify 86 fish species and 102 common names, and to match scientific with local names. This study also added 20 species to the previous regional list of ca.
270 fish species that includes small, cryptic, and deepdwelling species that are not captured by artisanal fisheries (Moura & Francini-Filho, 2005) . Most commercially important fish species presented only one common name, and local experts indicated relatively few synonyms, much less than the National average of six (Freire & Pauly, 2005) . Throughout the Brazilian coast "cação" (shark) and "pescada" (Sciaenidae -weakfish, croaker) represent 20 and 13 different morphologically similar species, respectively (Freire & Pauly, 2005) . In Cumuruxatiba, we found the same order of magnitude of variation among the local experts that we interviewed, who were able to distinguish 24 different types of "cação" and 10 types of weakfish ("pescada"). This richness of binomial common names can be applied to statistical fishing data, increasing the accuracy when registering common generic and specific names. From our results, we were able to highlight some pervasive biases in the official statistics, which are based only on common generic names. For instance, landings of 5,240 tonnes of "peroá" were recorded in 2010 (IBAMA, 2012) , but throughout the Brazilian coast there are several species that can receive this same name. Only in the MERC area we recorded at least five specific common names for "peroá" (Table 2) .
Although Silvano et al. (2006) propose that the LEK about migration and spawning seasons of several coastal fish species is loosely defined in the Northeastern Brazilian coast, the seasonal variation in the occurrence of some species is well perceived among Cumuruxatiba fisherfolks, and was a remarkable characteristic recorded in several opportunities during our fieldwork. For instance, the lower richness of fishes in the winter is a well-recognized pattern across the entire MERC area ("in the winter fish go away to the reefs, and we cannot catch them" -local fisherfolks quote). Begossi et al. (2011) argue that in a neighboring municipality (Porto Seguro, Bahia State), LEK about snappers' reproductive behavior is restricted to older and more experienced fisherfolks. Our results Table 2 . Specific common names for each generic common name mentioned in interviews with local experts fisherfolks from Cumuruxatiba, Bahia. Numbers within parentheses correspond to the number of fisherfolks who cited such specific common name.
are convergent, and we remark that our interviews were directed mainly to local experts who, in general, are the older fisherfolks with more extensive experience. Local Ecological Knowledge has a considerable potential as a reliable, rapid and low cost information source, but it is frequently challenged due to the lack of scientific validation and to the multiple and poorly understood biases deriving from measurement and analytical errors, as well as from political and cultural sources . Correspondence between ethnospecies and species identified through standard taxonomic methods seems to be greater for fish species captured by hand-line or harpoon. Besides being large-bodied (i.e., easier to identify from morphology -except for sharks) and bearing greater utilitarian value, it seems that the several generation's relationship with these species facilitates their recognition by fisherfolks. On the other hand, shrimp trawling is a relatively new fishing technique, introduced in the late 1970's in the MERC region, and the recognition of the smaller-sized bycatch fish species that are generally discarded at sea tend to be less accurate. For instance, although MERC fisherfolks had a clear perception of reproductive cycles of lutjanids (snappers) that are traditionally captured with hand-lines (see Freitas et al., 2011) , they believed that juvenile penaeid shrimps captured with trawls (mostly Xiphopenaeus kroyeri) were eggbearing carids that are commonly found in shallow warm waters of the study region (authors' unpublished data).
Ethnoecological methods commonly involve showing photographs, maps and drawings to local people, although such two-dimensional and small-size representations may introduce bias in the identifications of species, habitats and behaviors Silvano & Valbø-Jorgensen, 2008) . However, we found that the use of photos in interviews with fisherfolks can be reliably used, with few mismatches that generally correspond to smaller species that compose shrimp-trawling bycatch.
Our results emphasized that participatory fisheries monitoring shall start with ethnotaxonomy studies to gather to output reliable species-level data. Aggregation of species under meaningless or standardized (lumped) common names may mask serial depletion, when more valuable and generally less resilient species are overexploited first, followed by the overexploitation of less valuable species with the same generic name (e.g., Kaprov et al., 2000) . In this case, only when the whole group is fully depleted (e.g., sharks), landings would decrease. Ecosystem effects of fishing may be assessed using indicators measured in the catches, such as richness and diversity, size of specimens and fisheries capacity (Link, 2010) , but these are dependent on species-level discrimination. Thus, collections of local specimens coupled with databases of common names can substantially improve the catch data to be used in fisheries management, also allowing for direct participation of user groups in the decision-making process. 
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